1. Introduction
===============

The global prevalence of overweight and obesity has increased markedly over the past three decades, and the incidence continues to accelerate.^\[[@R1],[@R2]\]^ In the United States (US), 16.9% of children and 34.9% of adults were obese in 2011 to 2012, rates higher than most other countries.^\[[@R1],[@R3]\]^ Although the US consists of US-born and foreign-born populations, it remains unclear whether obesity prevalence is different between the US-born and foreign-born populations and how strongly living in the US influences the risks of obesity and diabetes. Thus, the aim of this study was to assess whether the risks of obesity and diabetes increased with the length of time living in the US. Furthermore, we also investigated trends of obesity prevalence by birthplace from 1999 to 2012.

2. Methods
==========

2.1. Data sources and study population
--------------------------------------

This is a cross-sectional study using data from the National Health and Nutrition Examination Survey (NHANES).^\[[@R4]\]^ The NHANES is a program of studies designed to assess the health and nutritional status of adults and children in the US. Written informed consent was obtained from all participants. The National Center for Health Statistics (NCHS) Research Ethics Review Board approved the NHANES protocols.^\[[@R5]\]^ NHANES is conducted by the NCHS at the Centers for Disease Control and Prevention (CDC). It uses a stratified, multistage probability sampling design to obtain a representative sample of the US civilian noninstitutionalized population.^\[[@R4]\]^ Data are collected at homes and mobile examination centers (MECs). Blood specimens are collected during the MEC examination. Among those asked to participate in the NHANES survey during the 1999 to 2012 period, the unweighted response rate for household interviews was 79.5% and that for MEC examinations was 76.0%.^\[[@R6]\]^ We focused on participants ≥2 years of age who were born and citizens in the US (n = 54,073) and who were born outside the US (n = 12,280). Length of time in the US among foreign-born participants was confirmed by trained interviewers, and was categorized into 4 groups for the adult participants (less than 1, 1--9, 10--19, and 20 years or more) and 2 groups for the children/adolescents (\<1 and ≥1 year). We excluded participants with missing information on the length of time in the US (n = 432), yielding a final sample of 65,921.

2.2. Overweight, obesity, severe obesity, and abdominal obesity
---------------------------------------------------------------

We extracted information on body mass index (BMI, calculated as measured weight in kilograms divided by measured height in meters squared) from MEC measurements in the 1999 to 2012 NHANES survey. In adults (≥20 years old), overweight was defined as BMI 25 to 30 kg/m^2^, obesity as BMI ≥30 kg/m^2^, and severe obesity as BMI ≥35 kg/m^2^.^\[[@R3]\]^ In children and adolescents (2--19 years old), overweight, obesity, and severe obesity were defined using the 2000 CDC Growth Chart^\[[@R7]\]^ as follows: overweight as BMI in the 85th to 95th percentile, obesity as BMI ≥95th percentile, and severe obesity as BMI ≥120% of the 95th percentile or ≥35 kg/m^2^.^\[[@R8]\]^ Waist circumference was also measured during the MEC examination. Abdominal obesity was defined as a waist circumference ≥102 cm in men and ≥88 cm in women.^\[[@R9]\]^ In addition, we calculated the BMI at age 25 using the self-reported weight at that age and current height measured at the MEC.

2.3. Diabetes, dyslipidemia, and hypertension
---------------------------------------------

Diabetes was defined by 1 of the following: previous diagnosis of diabetes as evidenced by documentation that the participant was taking antidiabetic medications or insulin, glycated hemoglobin ≥6.5%, fasting glucose levels ≥126 mg/dL, or 2-hour glucose ≥200 mg/dL on the oral glucose tolerance test.^\[[@R10]\]^ Dyslipidemia was defined as previous diagnosis of hyperlipidemia, low-density lipoprotein cholesterol ≥160 mg/dL, high-density lipoprotein cholesterol \<40 mg/dL, or triglycerides ≥200 mg/dL.^\[[@R11]\]^ Low-density lipoprotein cholesterol was calculated using the Friedewald equation (total cholesterol − high-density lipoprotein cholesterol − triglycerides/5) for participants examined in the morning in the fasting state who had triglyceride levels ≤400 mg/dL (to convert triglycerides to millimoles per liter, multiply by 0.0113).^\[[@R12]\]^ Hypertension was defined as either previous diagnosis of hypertension or taking antihypertensive medications.

2.4. Food intake
----------------

We also assessed the total daily energy and nutrient intakes of US-born and foreign-born adults. The publicly available NHANES 1999 to 2002 dataset includes only 1-day dietary information, so we used diet information from the NHANES 2003 to 2012 for daily estimates. Participants were eligible for two, 24-hour dietary recall interviews. The dietary intake data were used to estimate the type and amount of foods and beverages consumed during the previous 24 h, and the daily total energy and nutrient intakes. The first dietary recall interview was conducted in person during the MEC examination and the second over the telephone 3 to 10 days later by trained interviewers. Averages of the first and second interviews were used as estimated daily intakes for each participant. The dietary interview component was conducted as a partnership between the US Department of Agriculture (USDA) and the US Department of Health and Human Services (DHHS). Interview data files were sent electronically from the field and were imported into Survey Net, a computer-assisted food coding and data management system developed by the USDA.^\[[@R13]\]^ The USDA dietary data collection instrument, Automated Multiple-Pass Method (AMPM),^\[[@R14]\]^ was designed to provide an efficient and accurate means of collecting intake values for large-scale national surveys.

2.5. Statistical analysis
-------------------------

All statistical analyses were conducted using Stata software (version 11.1, Stata Corp, College Station, TX), accounting for the complex survey design. We used an appropriate weight for each analysis selected, based on the variables included in the analysis. These weights accounted for unequal probabilities of selection and nonresponses to make unbiased national estimates. Demographic variables and the proportions in each body weight category ("overweight or more" including overweight and obesity, "obesity," and "severe obesity") were compared between US-born and foreign-born participants subgrouped according to age (adult or child/adolescent) and years living in the US. Demographic statistics are presented as a number, percent of total, or mean (standard deviation). Continuous variables were compared using *t* tests and categorical variables using chi-square tests.

To assess the associations between length of time in the US and body weight (overweight or more, obesity, severe obesity, abdominal obesity), multivariate logistic regression analyses were performed for adults, as compared with foreign-born adults who had been in the US for less than 1 year. We performed the same analyses to assess whether duration of time living in the US was associated with weight status in children/adolescents. In addition, we assessed the association between length of time in the US and the obesity-related comorbidities such as diabetes, dyslipidemia, and hypertension. For analysis of adults, we extracted data on potential confounders (age, sex, race and ethnicity, smoking status, alcohol consumption, educational attainment, annual household income, and presence of health insurance) for adjustment. For analysis of children/adolescents, we included age, sex, race and ethnicity, annual household income, and health insurance for adjustment. We categorized age into 3 groups for both adults (20--39 years, 40--59 years, and 60 years or older) and children/adolescents (2--5 years, 5--11 years, and 12--19 years).^\[[@R15],[@R16]\]^ Race/ethnicity was classified as non-Hispanic white, non-Hispanic black, Mexican American, and "Others," which included other Hispanics, non-Hispanic Asian, and multiracial participants. Additionally, we performed sensitivity analyses using a narrower age categorization of 5-year spans for adults and 1-year spans for children/adolescents. Moreover, we also analyzed data separately for each race/ethnicity. Participants were also divided into 3 groups for alcohol drinking according to average alcoholic drinks per day: 1 or less, 2 to 4, and 5 or more. We classified educational attainment as more than high school, high school graduation or General Education Development (GED) certificate, or less than high school. Annual household income (in dollars) was divided into less than 20,000, 20,000 to 74,999, and 75,000 or more. Health insurance was confirmed by the questionnaire, and we categorized study participants as insured or uninsured.

We performed multiple regression analyses to evaluate whether total daily energy intake and intake of carbohydrate, sugar, protein, and fat differed between US-born and foreign-born participants. *P* values \<0.05 were considered statistically significant for all tests.

3. Results
==========

The characteristics of the adult participants (≥20 years) in the NHANES are presented in Table [1](#T1){ref-type="table"}. Of the total, 9194 (24.4%) were foreign-born and 28,445 (75.6%) were US-born. About 80% of the US-born adults were non-Hispanic white, whereas the foreign-born participants included a lower proportion of non-Hispanic whites. About 35% of foreign-born adults did not graduate from high school, compared with only 15% of US-born adults. The proportion of annual household incomes \>75,000 dollars was lowest in the foreign-born group who had been in the US for less than 1 year (12.2% vs 32.4% of US-born adults). BMI and waist circumference increased with residency time in the foreign-born adults. Prevalences of overweight, obesity, severe obesity, and abdominal obesity were lowest in the adults who had been in the US for less than 1 year and highest in US-born adults (overweight or more: 49.3% vs 67.9%, obesity: 18.7% vs 34.8%, severe obesity: 4.9% vs 15.1%, abdominal obesity: 27.6% vs 54.7%). In addition, prevalences of diabetes, dyslipidemia, and hypertension were also lowest in adults who had been in the US for less than 1 year and highest in those who were not US-born, but had been in the US for more than 20 years (diabetes: 6.1% vs 20.0%, dyslipidemia: 56.4% vs 62.9%, hypertension: 9.7% vs 30.7%).

###### 

Characteristics of US-born and foreign-born adult participants^∗^.
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The characteristics of children and adolescents aged 2 to 19 years are presented in Table [2](#T2){ref-type="table"}. Of the total, 2654 (9.4%) were foreign-born and 25,628 (90.6%) were US-born. Prevalences of overweight or more, obesity, and severe obesity were lowest in the children/adolescents who had been in the US for less than 1 year, and highest in those born in the US (overweight or more: 23% vs 31.8%, obesity: 8.2% vs16.9%, severe obesity: 2.9% vs 5.4%).

###### 

Characteristics of US-born and foreign-born child/adolescent participants^∗^.
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Adjusted associations between length of time in the US and obesity and obesity-related complications are presented in Table [3](#T3){ref-type="table"}. Compared with adults who had been in the US for less than 1 year, adjusted odds ratios (aORs) for overweight or more, obesity, severe obesity, and abdominal obesity increased with length of time in the US. Among foreign-born adults, 10 years or more in the US was associated with significantly higher prevalences of overweight and abdominal obesity, whereas both 20 years or more in the US (aOR 2.32, 95% confidence interval \[CI\] 1.22--4.40, *P* = 0.01) and birth in the US (aOR 2.60, 95% CI 1.42--4.76, *P* = 0.002) were associated with a significantly higher prevalence of obesity. Prevalence of diabetes was significantly higher in adults who had been in the US for 10 years or more compared with those who had been in the US for less than 1 year, whereas rates of dyslipidemia and hypertension were not significantly associated with length of time in the US. In children/adolescents, aORs for overweight or more, obesity, and severe obesity were higher in those who had been in the US for ≥1 year than those who had been in the US for \<1 year. In addition, prevalences of overweight or more and obesity were significantly higher in US-born children/adolescents than those who had been in the US for \<1 year (overweight or more: aOR 2.20, 95% CI 1.42--3.41, *P* \< 0.001; obesity: aOR 3.15, 95% CI 1.51--6.56, *P* = 0.002). These results did not change using a narrower age categorization of 5-year spans for adults and 1-year spans for children/adolescents (Supplemental Table 1).

###### 

Adjusted associations between length of time in the US and obesity and obesity-related complications^∗,†^.
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Adjusted associations of overweight or more, obesity, and severe obesity in US-born participants compared with those not born in the US are shown in Table [4](#T4){ref-type="table"}. In the total adult population, prevalences of overweight or more, obesity, severe obesity, and abdominal obesity were significantly higher in those born in the US than those not born in the US. Similarly, prevalences of obesity were higher in US-born Mexican American, non-Hispanic White, non-Hispanic Black, and other race/ethnicity participants than the corresponding foreign-born populations. In addition, prevalences of overweight or more and severe obesity were significantly higher in US-born than foreign-born participants at age 25 years.

###### 

Adjusted associations for overweight, obesity, and severe obesity in US-born compared with foreign-born participants in the US^∗,†^.
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In children/adolescents, prevalences of overweight or more, obesity, and severe obesity were significantly higher in the US-born participants. Moreover, overweight prevalences were significantly higher in US-born Mexican American, non-Hispanic White, and non-Hispanic Black children/adolescents than in the corresponding foreign-born populations. These results were not changed even when we used a narrower age categorization of 5-year spans for adults and 1-year spans for children/adolescents (Supplemental Table 2).

Intakes of total daily energy and nutrients in US-born and foreign-born adults are presented in Table [5](#T5){ref-type="table"}. Total daily intakes of carbohydrate and protein did not differ significantly between groups, but total daily energy, sugar, and fat intakes were significantly higher in US-born adults than foreign-born adults.

###### 

Total daily energy and nutrient intakes by adult participants^∗^.
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Trends of crude prevalences of obesity and severe obesity from 1999 to 2012 are presented in Fig. [1](#F1){ref-type="fig"}. The trend in obesity prevalence for foreign-born adults was similar to that of US-born adults from 1999 to 2012 (Fig. [1](#F1){ref-type="fig"}A). Obesity prevalence was still significantly higher in US-born adults than foreign-born adults in 2011 to 2012 (36.7% vs 27.4%; aOR 1.87, 95% CI 1.33--2.62, *P* = 0.001). On the contrary, although obesity prevalence in US-born children/adolescents has leveled off in recent years, that in foreign-born children/adolescents has continued to increase (from 8.8% in 1999--2000 to 16.9% in 2011--2012) (Fig. [1](#F1){ref-type="fig"}B). Compared with foreign-born children/adolescents, US-born children/adolescents demonstrated a significantly higher prevalence of obesity in 1999 to 2000 (aOR 2.36, 95% CI 1.31--4.24, *P* = 0.007), but the difference was no longer significantly different in 2011 to 2012 (aOR 1.52, 95% CI 0.80--2.88, *P* = 0.18). Similar trends were observed for severe obesity prevalence in both adults and children/adolescents (Fig. [1](#F1){ref-type="fig"}C and D). Severe obesity prevalence was significantly higher in US-born than in foreign-born children/adolescents in 1999 to 2000 (4.4% vs 1.4%; aOR 3.61, 95% CI 1.06--12.25, *P* = 0.04), but was 6.1% in both groups by 2011 to 2012 (aOR 1.15, 95% CI 0.44--3.02, *P* = 0.75).

![Trends in obesity and severe obesity among US-born and foreign-born participants from 1999 to 2012. Trends in obesity among adults (panel A) and children/adolescents (panel B). Trends in severe obesity among adults (panel C) and children/adolescents (panel D).](medi-95-e4578-g006){#F1}

4. Discussion
=============

Previous studies have reported associations between length of time in the US and prevalence of obesity in Puerto Rican women,^\[[@R17]\]^ and prevalence of overweight or more (BMI ≥25 kg/m^2^) in foreign-born populations.^\[[@R18]\]^ However, small sample sizes and the types of data collected limited more detailed analyses. This large-scale study, including nationally representative data from 1999 to 2012, allowed us to analyze the associations between length of time living in the US, and obesity and obesity-related comorbidities. This is, to our knowledge, the first large-scale study to reveal increased risks of obesity and diabetes with length of time in the US. Moreover, progressively increased obesity risk was observed in both adults (≥20 years) and children/adolescents (2--19 years). In the analyses by year, obesity prevalence was consistently higher in US-born adults from 1999 to 2012, but the obesity prevalence gap between US-born and foreign-born children/adolescents decreased over this period due to the rapid increase in obesity prevalence among those not born in the US.

Obesity prevalence in the US remains high, and there were no significant changes among adults between 2003 to 2004 and 2011 to 2012.^\[[@R3]\]^ In addition, obesity prevalence in children and adolescents remains similarly high.^\[[@R8]\]^ The high prevalence of obesity is strongly associated with dietary habits in the US. This study has shown that total daily energy, sugar, and fat intakes were significantly higher in US-born adults than foreign-born adults. Based on these results, the increased risk of obesity with length of time in the US may be due to that total daily energy, sugar, and fat intakes in foreign-born population increase with length of time in the US. Additionally, because the increased risk of obesity was observed in different age groups, the obesogenic environment in the US may be a problem in every generation. Although mean energy intake and consumption of sugar-sweetened beverages and added sugars have decreased in the US over the past few years,^\[[@R15],[@R19],[@R20]\]^ energy intake and consumption of sugar and fat may still be excessive in the US. In addition, the high prevalence of obesity in US adults over the past several decades may be partially attributed to the increase of no leisure-time physical activity,^\[[@R21]\]^ as body weight reflects the balance between energy intake and expenditure.^\[[@R22]\]^

However, a more troubling trend may be the increased prevalences of obesity and severe obesity in foreign-born children/adolescents. Most importantly, the present study revealed that prevalences of obesity and severe obesity in US-born children/adolescents have leveled off and those in foreign-born children/adolescents have continued to increase, and these differences did not significantly differ between US-born and foreign-born children/adolescents in recent years. A possible explanation in this trend is that foreign-born children/adolescents may be more susceptible to the recent obesogenic environment in the US than US-born children/adolescents. Additionally, the results may reflect a global problem, because the prevalences of obesity and severe obesity among children/adolescents are increasing worldwide.^\[[@R1]\]^ In either case, further antiobesity initiatives may be essential for foreign-born children/adolescents in the US.

This study has several limitations. First, the NHANES surveys do not follow a cohort of participants prospectively, so any proposed causal associations with length of time in the US must be interpreted with caution. However, our results are derived from a large nationally representative sample of the US population, with various subgroup analyses among generations and races/ethnicities. Second, we could not investigate the association between length of time in the US and physical activity. Regarding physical activity, NHANES measured it; however, the contents of activity changed between 2005 to 2006 and 2007 to 2008. Therefore, we did not include it in the analyses. However, physical activity in the US is still low,^\[[@R23]\]^ and the proportion of individuals employed in occupations that require moderate to intense physical activity is progressively decreasing.^\[[@R24]\]^ Third, "Others" in the race/ethnicity could not be classified in more detail. However, additional analyses for each race/ethnicity showed that obesity prevalence was higher in each race/ethnicity group than the corresponding foreign-born populations. Based on these results, the risk of obesity and diabetes may increase with the length of time living in the US, regardless of race/ethnicity.

In conclusion, this study revealed that the risks of obesity and diabetes have increased in foreign-born US residents with time living in the US. However, the obesity gap between US-born and foreign-born populations is closing.
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